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ABSTRACT

Ceramiccolumn grid arrayCCGA) packages have beeseal
increasingly in logic and microprocessor
telecommunications, flight avionicsboards payload
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electronics boards engineering navigational and science [NTRODUCTION

cameras electronic assemblies and other applications
becauseof their inherentadvantages such as higlectrical

Ceramic column grid array (CCGA) techology is an
advanced electronianterconnection @ckaging surface

interconnect density, very good thermal and electricamount technology (SMT)process.This advanced CCGA

performanceandcompatiblity with standardsurfacemount
technology(SMT) packaging assembly processBgcause
theseadvanced electronjgackagesend to have lessolder

joint strainrelief than do leaded flat-pack electronic
packages, the reliability of CCGA packagaschallenging
thermal environmentis a very importantconsideratiorfor

their short and longtermuse inJPL-NASA spacemissions.

In this studywe assembled daisy chaiof polyimide printed
wiring boardsfrom CCGArinterconnect packagemspected
the boardsnondestructively and then subjectedthem to

thermal cycling to assess thereliability in thermal
environmentgrom +125°C to-40°C+25°C.

The testhardware consists of a CCGEY52 package(CN
version) The packagewas divided into four daisychained
sectiongthat were electricallymonitoredfor their continuity
during thermal cyclingThe CCGA1752 package ioughly
45 mm x 45mm with a 42mm x 42-mm array of80%/20%
Pb/Sn columns on a 1.68m pitch. The resistance ahe
daisychained CCGA interconnects was continuaisly
monitored duringthermal cyclingin a gaseous nitrogen

interconnect technology will significantly imprev the
performance of avionidslectronicssystems.The failure
mechanisms oCCGA interconnects are dependent on the
materias of the columnsand board, the soldejoint at the
column/ceramic interface, column/board material interface,
solder reflow temperature, and the solder materials
employed The most prdominant failure mechanism is
solderjoint fatigueduring thermal cyclingAny coefficient

of thermal expansion (CTE) mismatch between board
material and colums or betweencolumrs and ceramic
substrate causes shear displacement atedalcbsolderjoint
interconnecs, which may lead to figue failure duringow
thermal cycles, as well as duringower cycling.Figurel
shows the schematic of the 80Pb/20Sn column with copper
spiral configuration inthe CCGA packagdgl]. Figure 1
shows the chematic of aolumn in aCCGA Package[1dnd
also the omparison ofCF and CN Version CCGA 1752
Packagdcourtesy of Topline)17].

STATE-OF-THE-ART CCGA RELIABILITY
CCGA packaging interconnect technology was first
introduced by IBM to enhance the reliability of eti®nic

environment Electrical continuity resistance measurements packaging interconnects over ball grid array (BGA)

as a function of thermal cycling are reportede;tests to date
have shown significant change an ope circuit in daisy

chain resistance as a function of thermal cyclirfte change
in interconnect resistance becomesreasingy noticeable
with increasing number of thermal cycle$his paper
describs the experimentathermatcycling test results of
CCGA 1752 packagereliability testing undeman extremely

wide temperaturerange The frst failure was observed at

1479" thermal gcle. We report thehermaitcycle reliability
testdata for ~2500 thermal cycles.

1 Virtex-5 CCGA 1752 Kyocera Package (CN version).

technology [2]. CCGA assembly and rework is described in
depth in an IBM user guide [2] and elsewhere [3, 4].

The CCGA package allows direct electrical connection
between a device module and anped wiring board (PWB).
Master [5] has reported the CCGA for fighip applications

in temperature ranges of 0°C to +100°C a&®°C to
+125°C. In this study, it was demonstrated that the column
height and temperature cycling conditions were in agreement
with the CoffinrManson relationship. Aeroflex [6] has tested

a 472column CCGA daisychained package in a temperature
range of -55°C to +105°C for 500 thermal cycles and

2©2016 California Institute of Technology. Governrhsponsorship acknowledged.
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Figure 1. Schematic of a Column in a CCGA Package [1,(ABpve) and
Comparisorof CCGA Packag€F and CN Versiosn (Below)

observed fractures in soldgmints at the board side, although staking, showed a higher damage level compared to their
some boards showed higr resistance. Kuang and Zhao [7] counterparts with staking. No failures were observed for
have reported thermalycling test results of CCGA CCGA 717 I/O assembkeafter 200 thermal cycles in a range
electronic packages that exceed the reliability requirementsf -120°C to +85°C and also fror85°C to +150°C. [911]

of satellite program applications. They reported reliabilityTasooji et al. [12] have reported on the design parameters that
tests (at-55°C to +105°C) for two column matati influence the reliability and sensitivity of CCGA assemblies.
configurations, 90Pb/108nand 80Pb/20Sn with copper Actel has also published and preseh CCGA reliability
spiraf. The results showed that the 80Pb/20Sn columifindings for space applications [13, 14] Lau and Dauksher
material is more reliable over the 90Pb/10Sn columrhave reported on the reliability of a 1657 CCGA with lead
material. The test was stopped at 2,300 thermal cycles witinee solder [15].

no failures for the 80Pb/20Sn cohn material. For the

90Pb/10Sn column material, the first failure was observed dhaffarian[16] has recently reviewed the stateof-the-art
1246 thermal cycles. Ghaffarian [8] reported that CCGA 717eliability for space applicationsf a number of CCGAdHis
input/output (1/0) modules showed minimal signs of selder paper lists the failure mechanisms @CGAs 1752, 1509,
joint damage at 50thermal cycles fromb5°C to +100°Mut 1272, andl144 under accelerated therrogtling conditions.
showed various levels of damage at 1000 thermal cycles witHe discussegotential failure sites at sold@int interfaces

the same temperature limits. The corner columns, withowtuch aspackageprinted circuit board RCB), and column.

3 From British Aerospace Engineering (BAE). 4From Six Sigma.



Topline has provided asummary of literature onthe
reliability of CCGA packaging technologylf]. Mattsson
[18] has reportedthe termal cycling data forCCGA
packaging undes00 cycles according to ECS$70-08A (-
55°C to +100C). No cracks were observed alorige
circumference of the column #te PCB-column interface,
but crackswere observed at interposer sidéest coupons
were thermaktycledfrom -55°C to +125C for 500 thermal
cyclesby Claize et al[19]. Test coupons manufacturading
Chip Carrier Mounting Device (CCMD) columns
0.022inchesin diameter, 0.5 inches highnd with a 52/0

qualify the CCGA foma target of #ears of operational life in
low Earth orbit. Fabula developed anassembly process
capable of producing CCGgolderjoints thatcan surviven
spacein a warmbox enclosure with temperature vaidat
from 0°C to +40°C. This estimated reliabilityvaswith 90%
confidence[24]. Fabula arrived at this findingbased on
temperature cycling tes€ondition B (55°C to +125°C)
followed by 25°Celectrical teson fully electrically functional
die. 14ofl4testunits passdelectricaltesting at 1000 1500,
2000, 3006, and4000Gthermaicycleread point§24].

leadless ceramichip carrier LCCC) and glassepoxy PWB
survived 500 thermal cycleShe change in resistamcluring
the 500 thermal cycles met failureriteria in every test

Numerous planetary targets for NASA missions require
thermally uncontrolled hardware to operate under extremely
cold or hot temperatures with large diurnal temperature

couponstudied Based on test results and simulaticswder
balls are about twice as effectia¢ conducting heat aare
micro springs as reported by Allison etla[20]. This was
expected in vacuum cornitins, but not inno vacuum
conditions Temperatures are slightly lowém no vacuum

changes from day to night: TitarlBC’C, for a proposed
Titan in-situ mission), Europa -L60°C, for a proposed
Europa surface and subsurfaméssion), asteroids-185°C,

for MUSES CNSpace Engineering Spacecré&ff, comets

(-14CC, for a proposed comet nucleus sample return),

than in true vacuum ambietémperature in the test area E a r tMoong-233C to +123C, for Moon Mineralogy
Problems that can result from a poorly designed board dvilapper), and Mars-120°C to +85C for Mars Exploration
from apoorly controlled assembly process include voiding inRovers;-135°C to +85 for Mars Science Laboratory; and
the solder joints, bent pins from mishandling, misalignmentl35°C to +83C for Mars 202(Q. Moreover, planetary
of the CCGA, incomplete solder wetting, lack of solder fillet, protection requinment dictate thathardwaredestined for

and solder shts between the columyas reported by Alcorn

any of these targets must bakedefore flightat +125C for

et al.[2]]. CCGA arrays of more than 100 columns can ber2 hours to killany microorganismghat could contaminate
very large with many of the solder joints hidden and them especially for sampleeturn missiondNASA’ standard

impossible to inspectia conventional opticaimaging or
inspectionmethods. It is normally easy visually find some

thermalcycling temperature range from -55°C to +100C
[25]. Thepresent advanced higlensityCCGA 1752 package

defects in the outer row of the array, but workmanship defecteliability studyuseghistemperature rander thermécycling
in the center of the array cannot be observed withouib coverthe thermal requirements wérious potential NASA

radiographioor x-ray inspection.An effective workmanship
evaluation requires capable tools, experienced operatuds,

knowledge of the limitations of these inspection technique8ased on existing published data the best ofhea ut hor ' s

[21]. Fleisher and Willig [22] have reportedsn/Pb solder

missiond1].

knowledge there is limited published systematic

joints thatare susceptible to credatigue damage when the experimental data available to assess the reliabiliCCGA

solder is placed under any thermomechanical

strespackages inow and high temperaturebetween-55°C and
Furthermore, when thmechanical loading on the solder joint +125°C. This paper describes the important experimental test

changes direction, this creégtigue damage is increased asresults obtained in this extreme temperature rafae

the solder
cyclical application and changirdjrection of the tensional
loading ona solder joint result insolderjoint fatigue. A

classic cause of such solgeint fatigue is temperature
cycling of soldered hardwarehen there is a difference
between the CTE for the part ardat for the support

substrate or PWB materidlVhen soldered materials have

differet CTEs temperaturechanges whethecaused by
changes in theexternal environment orby power
switching/cyclingproduce substantialyclic strains within
the soldef22].

Solderjoint stress levels observéd CCGAsduring thermal
cycling are markedly lowr thanthose of BGAs. CTE
mismatch causes higgtress points all four corners of the
CCGA assembly.In F a b u levaluaton of a CF1509
package [2], thermalcycling as a part of qualificatioresting
was usetterminated at 120@ycles with the CCGA
assembly intactThe assemblymight have survived even
more cycles however,only 1200cycles were required to

i s-h a&rs & eBothdrepeatedy CCGRAG7T5X(CN version) packages

FABRICATION OF TEST BOARDS

The test boards werefabricated using SMT processs
reported by Mehta and Bodi, 4]. They developeda
processto qualify CCGA package assembliesngsPWBs
and daisychaired CCGA1752 (CN version) packages
Figure2 shows optical photographs afur asreceived
CCGA packageprior to reflowandthereflowed packagest
various magnifications.A complete CCGA1752 array
paclageis also shown ifrigure2. Copper spiradcan be seen
around the column interconnect materidiecopper spirais
designed tancrease the integrityf the column interconnect
during the solder eflow process.Figure3 shows digital

photographs of CCGA packages after they have been

reflowed over the PWB.The completeCCGA packageds
magnifiedin Figure3, showingthe columns and the copper
spirakarownd the columa Figure4 shows nondestructive x
ray images of the CCGA packages after solder refldvere
were no shortand nooverflow of solder materials thabuld
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Figure 3. Optical Images of the CCGA Test Board before Thermal Cycling

affect thereliability of the CCGA packagessis clear from
the xray images.

TEMPERATURE PROFILE

Figure5 shows théemperature profile employddr thermal
cycling of the daisschained CCGAnterconnect test boards.
The lowest temperatutgsedwas-4°+25C, andthe highest
temperature used was +FZ5 The temperature ramp rate
was 5C per minute, and dwell time was 3fhinutes on hot
and cold temperatus@uring thermal cycling.
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Figure 4. X-Ray Image of the CCGA 1752
Daisy-Chain Test Board

Time, hours
Figure 5. ExtremeTemperature Thermal Cycling
Profile Used in This Study



CCGA 1752 Package Test board

42 x 42 column array CCGA, 45 mn

Figure 6. Optical Digital Image of the Figure 7. Optical Image of the CCGA 1752

CCGA 1752Daisy-Chain Test Board Packages after 62thermal Cycles
TESTING FOR OVERSTRESS INTERCONNECT are comparableotFigure?7, which shows the CCGA 1752
FRACTURE AND INTERMI TTENT FAILURES packagesafter 623 thermal cycledNo soldefjoint issues

Figure6 shows the CCGA 175@aisy-chaired test board in  Were notedluring orafter 623 thermal cycles

a thermabtmosphed chamber that has been interfaced with _. . .

the dataloggef to monitor thesolderjoint resistance vs. F19uré8 shows the optical image of the columns of
thermal cycling.There were four daisghains onthis test CCCGA1752 packages after 1460 thermal cycles. No

board, one for each CCGA daisfiain package. The value of continuity issues were noted during or up to 1460 thermal
the daisychain resistance was about W2 at room cycles. After 1479 thermal cycles, however, we started to
temperatureTesing was conducted to assess the advance bserve intermittent failures. FiguBeshows the resistance of

CCGA-interconnect technologysobustness tgolderjoint e daisy chains as a function of temperature cycling.

failure. The key failure mechanism addressed in thermaPeSiStance of the solder joint increases as the temperature
cycling was solderjoint fracture at the boarénd-column Increases and decreases as the temperature decreases.

interface orat the columnandceramicpackagesubstrate Figure9 shows thepossibleinitiation of intermittent solder
surface. Temperature cycling in a gaseous nitrogen joint observed at 1479 cycles. Figur@ shows the resistance

environmentcould result in thermal fatiguef the solder olf s;)rlidelr J?}'”:ﬁ ?S a f%nctlsn dofttS]erTZ';;yrigi}e f'rISt
joint, and interdiffusion at the substratée column or the giectrical anomaiyas observed at the ermal cycte.

columnandsubstrate interfacel he thermalstress depends ;hi reS|stacljnc|e dO»f one dOL;g)ehdaISy Chims m_cr?:qsed&geyond
on magnitude of the temperatufeither on the high onms and aisbeyon ms, as shown in Figur

temperature or lowemperature side rate of temperature a.”d 11. More pronounced ".“erm'“e”t faﬂurgs are §hown In
change, and rangef temperature chang®elta T: DT), as Figurell. The mcrease_d resistance of the daisy chain to more
well as theCTE of the materials combediine configuration. than 10,00@hms certainly provides reason to conclude that

High rate oftemperature&ehange ¢hangein temperaturger fche de_lisy chain ha_s faik_ed. Figis 1 a_nd 12 show the

minute) could lead to thermal shock of the CCGA package intermittent change in resistance to a higher value when the
) | S test article reached hot and cold temperatures for different

which could havea catastrophic effect on the reliabilitf daisy chains

solder joints.Therefore,a low rate oftemperaturechange '

(5°C perminute)wasemployed in this studyrigures2 and

3, which show the CCGA test board beéothermal cycling

5> Agilent.



Figure 8. Optical Image of the CCGA 1752 Packages
after 1460 Thermal Cyek atvarious Corners
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Figure 9. Daisy-Chain Resistance vs. Temperature during Thermal Cycling around C4tge
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Solder Joint Crack

Figure 13: Opticallmageof the SolderJointCracksafter 2500ThermalCycles

Figure 14. OpticalImageof the CCGA 175Packagesfter 2500Thermal CyclegFatigueat Corner$



At 2500 thermal cycles, intermittefailure of the daisy ciin ~ understand the test resulisray and opticainspectioswere
was further pronounceds shown irFigure 15. donebeforethermal cycling.Failures were observed based
on electricalredstance measurements duringxtreme
tempeature thermal cycling aftethe 1479" thermal cycle
Daisy chainswereopen during the hatycle and recoved
during the coldcycle. The potential hypothesis is assumed
3000 that thecorner columndailed first andshowed crackdue to
2500 high thermal strain at the cornewfter extensive thermal
cycling, solderwas cracked along the columnsFailure

Ul { 1l analysisof test board will be made to understand the failure

I‘ | H \l H mechanism, failure site, and these results will be reported in
: — A the fuure presentations.

Resistance, Ohms
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